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THE EFFECT OF PHOSPHORUS CONTENT IN SUBSTRATE
ON LEAD ACCUMULATION BY CARROT (DAUCUS CAROTA L.}
AND LETTUCE {LACTUCA SATIVA L. VAR, CAPITATA L))

Maria GAWEDA
Agricultural University of Cracow
29-Listopada 54, 31-425 Krakéw, Poland

Summary
A pot experiment was conducted to study the effect of phosphorus treat-
ment on lead accumulation by carrot and lettuce. It was found that raising phos-
phorus contents in the substrate from 50 to 800 mg kg™ caused a decrease in
carrot root Pb content on the average by 449 and in letiuce leaves on the aver-

age by 33%.
key words: carrot, lead, lettuce, phosphorus
INTRODUCTION

Wide implementation of the results obtained in a long-term monitoring of
scil and plant heavy metal contents caused a sense of threat with these metal
presence in the environment to be embedded in social awareness. Two trends
have been visible while seeking the methods of preventing heavy metal pene-
tration from soil to the food chain. Some concepts are based on the idea that
these metals are removed with plant material, ie on phytoremediation (Cun-
ningham & Ow 1996) However, there are still many question marks and no
practically tested solutions. The other ideas focus on the procedures that cause
stronger binding of heavy metals with soil components and limit their penetra-
tion to the plant root systems Liming, organic and mineral fertilisation are
among them These procedures not only diminish heavy metal accumutation
from soil by cultivated crops but also constitute a part of routine agrotechnical
measures, which does not significantly increase the costs of crop cultivation in
heavy metal polluted soils. Particular attention is paid to phosphate fertilisation,
due to easy formation of many heavy metal insoluble phosphates in soil (Rabi-
nowitz 1993} and to the role of phosphate fon in plant defensive strategy against
these metals (Tukendorf 1990). The work aimed to test in the pot experiment
- conditions the effect of phosphate treatment on lead accumulation in carrot
(Daucus carota L) and in lettuce (Lactuca sativa L. var. capitata L)
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MATERIALS AND METHODS

The experiment was carried out in 1997-1998 on the Faculty of Horticul-
ture Agricultural University of Cracow experimental farm with two carrot culti-
vars, i.e Karo F; and Kama F| and two lettuce cultivars, i.e. Syrena and Ara.
the substrate composed of ground highmoor peat and washed river sand con-
tained 8% of organic matter 20 mg Pb kg d w. was assayed in it, which re-
mains within the range of this element natural soil content The substrate was
fertilised with 250 mg N, 250 mg K and 60 mg Mg - kg™', and microelements.
Monocalcium phosphate dosed 50, 200 and 800 mg P - kg™ d w. was used for
phosphate treatment and the differences in the substrate acidity were supple-
mented 10 pH 6 5 using calcium carbonate. Lead was introduced into the sub-
strate in 0, 275 and 550 mg per kg d w doses as lead acetate. The Mitscherlich
pots, 6 per combination, were placed in the hotbeds and 8 equal carrots and 3
lettuces per pot were cultivated in the prepared substrates. The plants were wa-
tered with re-distilled water at 70% of water capacity up till their harvest ma-
turity After the harvest the plants were thoroughly washed and lead contents
were assessed in carrot roots and leaves, and in lettuce leaves The results were
statistically evaluated by an analysis of variance in a fully randomised design,
and differences between means were verified by Student’s test at 0 05 confi-

dence level

RESULTS AND DISCUSSION

The results of lead contents of carrot roots and [eaves were given in Table
1. {Due to the lack of seasonal effect only means for two years were given.)

Lead contents in the roots of contro! plants were higher than permissible
according to the Polish standard for root and foliar vegetables (ie 0 S0 mgkg'
fw at dry weight content 15% - 3 30 mg - kg’ d w ) and ranged between 3 8
and 4 4 mg - kg’ d w In the carrot leaves this metal level was much higher, 1¢e.

between 26 3 and 42.4 mg - kg d w Such result may be due to close localisa-

tion of the experiment to the Cracow city centre

Lead addition into the substrate containing the least of phesphorus (50
mg kg' d w.) caused a strong increase in this metal uptake by carrot. In Karo cv.
roots I'1.8 times and in leaves 3.3 times more lead was detected under the influ-
ence of higher Pb dose than in plants harvested from the substrate without this
clement addition. Comparison of lead contents in carrot grown on substrates
with diversified lead contents has revealed that an average oot Pb level de-
creased by 29% when phosphoreus treatment increased from 50 to 200 mg kg™
d.w, and by 44% when the dose raised from 50 to 800 mg - kg' d w; in leaves
the decreases were respectively by 30% and 48%.
Kama cv accumulated significantly less lead than Karo cv It was calculated
that the relation between lead contents of Jeaves and roots decreased along with
increasing substrate content of phosphorus The quotient for plants harvested
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Karocv and2 14 and 1 77 for Kama cv.

from 50 and 800 P - kg’ d.w. substrates at higher Pb dose was 2 66 and 2.38 for

Table 1 Eilect of phosphate fertilisation on lead accumulation in roots and leaves of
carrot Karo F; and Kama F, cvs at different lead content in substrate (mg‘kg"'

dw)
Pin s-ubstrate
Pb dose for
1 0 275 550 G 275 550 t] 275 550 cvs.
(mgke dow)
roots |A4ab* | 462] [ 520m | 38a | 266f [ 420k | 40a | 225d | 297g | 257D
lKam Jeaves | 424b | 1294i{1383]| 318a | 726de | 108 7g| 263a | 596¢ | 706d | 75 5b
leaves’ | o4 | 280 | 266 | 837 | 272 | 259 | 638 | 265 | 238
roots
roots | 46b | 362 | 563n | 44ab | 246e | 4135 | 40a | 208¢c [ 320h | 2492
Kama . . .
; teaves | 29 5a | 80 0ef ! 120 60| 268a | 532¢c | 834f | 242a | 44.0b | 56 6c | 5762
Y
leaves/ | oy | 221 | 214 1 609 | 216 | 202 | 605 | 212 1 177
roots
Means for P | 454 21 8b 18 8a
in roots
Means for Pb | 15 |59 55| 42 2¢
n reots
Means for P | o 62 8b 46 9a
in leaves
Means for b | 345, 1 73.2b | 96 4c
in leaves

* Values followed by the same letter do not differ significantly

Table 2 shows the lead contents on lettuce leaves Pb levels in lettuce
leaves cultivated on substrates without lead addition ranged between 92 and
106 mg kg’ dw and also exceeded the standard for foliar vegetables After
fead introduction into the substrate receiving the weakest phosphate treatment
this element content increased triple as the effect of 550 mg Pb kg! dw in
Syrena cv and 3 2 times in Ara cv On the substrates with higher level of phos-
phorus Pb accumulation by lettuce was weaker. An increase in phosphorus
contents from 50 to 200 mg kg d w caused an average decrease in lettuce
lead by 33%, whereas further increasing its content produced only slight effect
Ara cv accumulated on an average more lead than Syrena cv
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Table 2. Effect of phosphate fertilisation on lead accumulation in leaves of letince Sy-

rena and Aracvs. at different lead content in substrate (mg kg™ d w)

. ‘ Means
P in substrate
| 50 for
{mg kg dw) cvs.
Pb dose .
, (mg kot dw) 0 275 0
Syrena [leaves |10 0ah*| 26 4h 10 3be 16 7a
Ara leaves : 10.0ab | 23 4g 10.6bed 17.2b
Means for P | o) ¢ 14 0a
in leaves
Means for Pb 11614 |16 26
in leaves

* Values followed by the same letter do not differ significantly

Barlier investigations conducted on reduction of lead uptake by plants
trom the substrate using phosphate salts gave ambiguous results. Bassuk (1986)
stated that in loess soil with pH 6.8 containing 635 mg Pb - kg' d w a dose of
100 mg Pb - kg d.w. will efficiently diminish lead accumulation in lettuce
However, he also maintained that as a factor limiting lead uptake from the sub-
strate, phosphorus is less useful than organic matter or other components with
high cation-exchange capacity. Gorlach & Gambus$ (1991) made similar obser-
vations A lack of any visible effect of phosphorus compounds on lead accu-
mulation was usually detected at substrate fertilisation below 100 mg Ppkg"
d w applied on heavier soils (Piesak 1988) A choice of phosphate salt was'also
extremely tmportant as they differ both with their solubility and primarily with
their reactions, which strongly determines their final effect

In practice it has been a well known fact that an excessive increase in soil
phosphate contenits may prove harmful due to limited microelement availability
for plants. [t is alse known that solubility of phosphorous compounds decreases
in soil revealing pH approximate to neutral, which is recommended for soils
polluted with heavy metals. Thus the opinion that phosphates play a lesser role
in limiting lead uptake in plants than typically structural components, like or-
ganic matler or clayey components, seems justified They cannot be introduced
into the soil in unlimited amounts because of ecological security and relatively
high costs Phosphate treatment should be weated rather as a supplementary
measure considering key role of phosphates in plant resistance to heavy metals
A decreased Pb translocation from carrot roots to leaves with increasing P con-
tent in substrate has been confirmed by the present experiment results. Similar
observations were afso made for corn (Zimdahl & Foster 1976) and radish

{Gaweda 1996)
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WPLYW ZAWARTOSCE FOSFORU W PODLOZU NA KUMULACJE OL OWIU

PRZEZ MARCHEW (DAUCUS CAROTA L) T SALATE

(LACTUCA SATIVAL VAR CAPITATA L)
Streszczenie b

Przeprowadzono doswiadczenie wazonowe w celu zbadania wplywu nawozenia
fosforowego na kumulacjg otowiu przez marchew i salate Stwierdzono, ze podniesienie
zawarto$ci fosforu w podiazu z 50 do 800 mg kg s.m spowodowato spadek zawartosci

Pb w korzeniach marchwi $rednio o 44%, a w lisciach salaty rednio o 33%.
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